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Abstract: 
Seagrasses are marine flowering plants that strongly impact their physical and biological 
surroundings and are therefore frequently referred to as ecological engineers. The effect of 
seagrasses on coastal bays resilience and sediment transport dynamics is understudied. Here 
we use six historical maps of seagrass distribution in Barnegat Bay, USA, to investigate the 
role of these vegetated surfaces on the sediment storage capacity of shallow bays. Analyses 
are carried out by means of the Coupled-Ocean-Atmosphere-Wave-Sediment Transport 
(COAWST) numerical modelling framework. Results show that a decline in the extent of 
seagrass meadows reduces the sediment mass potentially stored within bay systems. The 
presence of seagrass reduces shear stress values across the entire bay, including un-vegetated 
areas, and promotes sediment deposition on tidal flats. On the other hand, the presence of 
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seagrasses decreases suspended sediment concentrations, which in turn reduces the delivery 
of sediment to marsh platforms. Results highlight the relevance of seagrasses for the long 
term survival of coastal ecosystems, and the complex dynamics regulating the interaction 
between subtidal and intertidal landscapes.  
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1. Introduction  
Seagrasses are marine flowering plants that provide important ecosystem services such as 
sediment stabilization, nutrient cycling, organic carbon production and export, and enhanced 
biodiversity [Moriarty and Boon, 1989; Koch, 2001; Waycott et al., 2009]. Seagrasses act as 
ecological engineers, modifying the physical and ecological environment to promote their 
growth and reduce mortality. For instance, by reducing bed shear stress and sediment 
resuspension, seagrasses increase light penetration, and indirectly stimulate their own 
biomass production. By stabilizing sediments, seagrasses enhance their survival rate during 
extreme storm conditions [Terrados and Duarte, 2000; Madsen et al., 2001; Cardoso et al., 
2004]. The influence of seagrasses on suspended sediment concentrations can significantly 
vary during the year and can be maximum during summer; in fall and spring, SSC values 
over vegetated beds are similar, while during the winter suspended sediment concentrations 
within the less dense meadows can be higher as the finer particles settled during summer get 
easily re-suspended [Hansen and Reidenbach, 2013]. 
Seagrasses are sensitive to external agents and can decline as a consequence of 
multiple stressors including eutrophication, overfishing, overgrazing, and temperature stress. 
Many studies have documented a decline in the extent of seagrasses for many areas 
worldwide [Cambridge et al., 1986; Short and Burdick, 1996; Daby, 2003; Campbell and 
McKenzie, 2004; Cardoso et al., 2004; Hughes et al., 2004; Morris and Viknstein, 2004; 
Gonzalez et al., 2005; Polte et al;, 2005; Waycott et al., 2005; Orth et al., 2006]. Seagrasses 
also impact systems morphology due to their capacity to hold sediments and favor deposition 
[Ganthy et al., 2013; Harlin et al., 1982; Potouroglou et al., 2017]. For instance, Ganthy et al., 
2013 studied sediment transport dynamics in tidal flats in the Arcachon lagoon, measured 
centimeter scale accretion rates over seagrass meadow, and found that these were correlated 
with seasonal growth rates. They found that during growth periods, particle trapping 
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dominates, leading to accretion, while during senescence periods erosion occurs, but less than 
in un-vegetated areas. Massive seagrass losses have also been documented after storms and 
cyclones as a consequence of meadow uprooting, and burial caused by increased sediment 
loads [Preen et al., 1995; Koch, 1999].  
Sediment convergence and divergence, and the ensuing erosional and depositional 
patterns, are largely influenced by changes in the velocity field as a consequence of flow 
deflection, and increased friction across seagrass meadows [Fonseca et al., 1982; Koch et al., 
2006, Peterson et al., 2004]. Large horizontal velocity gradients are generally present 
between the un-vegetated seabed and vegetated meadows, and the vertical velocity profile 
presents significant discontinuities at the interface between the water column occupied by the 
meadow and the free flow over it [e.g. Gambi et al., 1990; Koch, 2001]. The impact of 
submerged canopies on the hydrodynamic of surrounding bare beds has been documented in 
previous studies; for instance, within the context of patchy vegetation, it has been shown that 
a decrease in shear stress is observable before and after vegetation patches, and that the aerial 
extent of the bare beds affected by vegetation depends on stem density [e.g. Souliotis et al., 
2011].  
Numerous studies have investigated the role of submerged vegetation on 
hydrodynamics and sediment transport; however, many of these studies solely focus on 
vegetation-flow interactions at small scales and in uniform field and laboratory conditions 
[Dijkstra and Uittenbogaard, 2010; Nepf, 2012].  
The role of seagrasses has rarely been quantified at the basin-scale, or in terms of the 
estuary-wide sediment budget [Ward et al., 1984; Ganthy et al., 2013]. In this manuscript we 
use a numerical model to investigate how variations in seagrass meadow coverage and 
density influence sediment trapping across an entire back-barrier estuary, and the exchange of 
sediments between marsh platforms and tidal flats.  
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Six historical seagrass coverage maps of Barnegat Bay Little-Egg Harbor Estuary for 
the period 1968-2009 have been used in combination with the Coupled-Ocean-Atmosphere-
Wave-Sediment Transport (COAWST) modelling system [Warner et al., 2010], and 
associated flow-vegetation module [Beudin et al., 2016]. To the best of our knowledge there 
is a lack of studies presenting results about the impact of seagrasses on sediment transport 
dynamics at a decadal time scale and through the combined use of numerical models and 
multiple years’ seagrass maps.  
Results demonstrate that seagrasses can significantly impact the sediment budget of 
coastal environments, and also influence the dynamics between salt marshes and tidal flats. 
For instance the presence of seagrass increases the storage of sediments within the bay, but 
also reduces the amount of sediments in suspension decreasing thus the delivery of sediments 
to marsh platforms.  
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 2. Study site 
The Barnegat Bay-Little Harbor Estuary (BBLEH) is a shallow lagoon-type estuary located 
along the east coast of New Jersey, USA, between 39º41
’
 N and 39º56
’
 N latitude and 74º04
’
 
W and 74º12
’
 W longitude. The system is a long and narrow water body extending 
approximately 70 km in the north-south direction. The lagoon is composed by three shallow 
bays (Barnegat Bay, Manahawkin Bay and Little Egg Harbor) and is connected to the ocean 
through two inlets (Little Egg Inlet and Barnegat Inlet) and the Point Pleasant Canal. The 
total basin area is around 280 km
2 
with a maximum depth of 5 m, mean depth of 1.5 m, and 
width ranging from 2.0 to 6.5 km [Hunchak-Kariouk et al., 1999]. The composition of the 
seabed is a mixture of sand, silt, shells and organic matter [Rogers et al., 1990].  Tides are 
mainly semidiurnal, with the M2 harmonic being the dominant constituent. The tidal range in 
the ocean is over 1 m, but the tidal signal within the Bay is damped through the inlets and the 
range within the bay reduces to a minimum of 15-20 cm [Aretxabaleta et al., 2014]. In 
Barnegat Bay-Little Harbor Estuary, the submerged aquatic vegetation (SAV) is 
characterized by two main species: Zostera marina and Ruppia maritima. As showed by 
recent studies [Bologna et al., 2000], the seagrass coverage has decreased by 62% over the 
last several decades; the central and northern part of the bay have been the most affected by 
this decline [Lathrop et al., 2001]. The total loss can be estimated as 2000-3000 ha in 30 
years (from 1960 to 1990). The main causes of the seagrass decline are related to the shading 
effect of phytoplankton blooms, increased growth of epiphytic algae and wasting disease 
[Bologna et al., 2000; Kennish, 2001; Kennish et al., 2007a].  
The bathymetry of the model used in this study is based on the National Ocean 
Hydrographic Survey data [NOAA NOS 2012] updated with field measurements [Miselis et 
al., 2012]. Bathymetric data were collected by using a SWATHplus-H interferometric sonar, 
operating at a frequency of 468 kilohertz (kHz), with +/- 1 cm accuracy [Andrews et al., 
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2016]. Since the 1940s there have been negligible bathymetric changes with exception of 
areas near the jetty [Defne and Ganjiu, 2014] and even Hurricane Sandy did not alter 
estuary’s bathymetry [Miselis et al., 2015]. The bathymetry of the study area and historical 
seagrass coverages are illustrated in Figure 1, with Figure 1h illustrating an idealized test case 
with no seagrass.  
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3. Methods 
The hydrodynamics and sediment transport of the system have been simulated using the 
COAWST (Coupled-Ocean-Atmosphere-Wave-Sediment Transport Modeling System) 
modeling framework [Warner et al., 2010]. The ocean model used in COAWST is ROMS 
(Regional Ocean Modeling System), which currently incorporates a sediment transport 
module based on CSTMS (the Community Sediment Transport Modeling System) 
[Shchepetkin and McWilliams, 2005; Warner et al., 2008]. Details of model setup are 
presented in the supplementary material. 
For this study, one class of sediments is defined having a mass density of 2650 kg/m
3
, settling 
velocity of  0.5 mm/s, erodibility and critical shear stress equal to 0.0005 kg m
-2
s
-1 
and 0.05 
N/m
-2
 respectively; values were chosen based on sediment characteristics typical of a coastal 
embayment [Fagherazzi et al., 2013]. The seabed is defined as one layer having an initial 
thickness of zero. The time frame of the analysis is 30 days. As initial condition, a uniform 
suspended sediment concentration is imposed for each water cell inside the bay; specifically, 
the sediment injection occurs at mean sea level, and during the first flood period. Three 
different initial suspended sediment concentrations have been tested, i.e. 50, 100, and 200 
mg/l. As the initial sediment thickness at the bottom is zero, sediment transport, as well as 
erosive or depositional fluxes, are solely related to the concentration imposed at the 
beginning of the simulation. 
The flow-vegetation interaction is computed using the vegetation module recently 
implemented in COAWST [Beudin et al., 2016]. The flow-vegetation module includes plant 
posture-dependent three-dimensional drag, in-canopy wave-induced streaming, and 
production of turbulent kinetic energy and enstrophy for the vertical mixing parametrization; 
the spatially averaged vegetation drag force is approximated using a quadratic drag law and 
the effect of plant flexibility on drag is computed using the approach of Luhar and Nepf 
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[2011]. Apart from the mean flow velocity, vegetation also significantly impacts turbulence 
intensity and mixing. The selected turbulence model is the k–ε scheme which accounts for 
extra dissipation and turbulence kinetic energy production due to vegetation [Uittenbogaard, 
2003]. The vertical discontinuity of the drag across the canopy interface generates turbulent 
shear stress which peaks near the top of the seagrass [Ghisalberti and Nepf 2002, 2006; Nepf 
et al. 2007] and provides efficient exchange between the canopy and the overlying flow. This 
effect is explicitly accounted for in the k–ε model by expressing eddy viscosity and Reynolds 
stresses as a function of velocity variations along the vertical; the model calculates the 
velocity profile assuming extraction of momentum by the canopy, which is then fed into the 
turbulence model [Beudin et al., 2016]. 
Seagrass meadows in the model are defined as sparse (251 shoots/m
2
), moderate (600 
shoots/m
2
) or dense (900 shoots/m
2
), nominally selected using Kennish et al. [2013] for 
guidance. Seagrass canopy height is set equal to 20 cm. For salt marshes, canopy height is 50 
cm, and stem density is equal to 248 stems/m
2 
[U.S. Department of Agriculture, 2008].  The 
typical mass density and Young’s modulus of the seagrass Zostera marina vary in the range 
700-900 kg/m
3
 [Abdwlrhman, 2007; Fonseca, 1998; Fonseca et al., 2007] and 0.4-2.4 GPa 
[Brandley and Houser, 2009] respectively. These values can be also used for Spartina 
alerniflora [Feagin et al., 2011]. Therefore, mass density and elastic modulus are set equal to 
700 kg/m
3
 and 1 KN/mm
2
 respectively. The dynamic frontal area is set equal to 1cm, and the 
drag coefficient is set to 1. Salt marsh and seagrass coverage data came from the CRSSA’s 
(Center for Remote Sensing and Spatial Analysis) geographic information systems (GIS) data 
base. Simulations are run implementing different seagrass distributions corresponding to the 
years 1968, 1979, 1987, 1999, 2003, 2009, and for a test case where the meadow is 
completely removed [1968 map, U.S. Army Corps of Engineers, 1976; 1979, Macomber and 
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Allen, 1979; 1987, Joseph et al., 1992; 1999, McClain and McHale 1996; Bologna et al., 
2000; 2003 and 2009, Lathrop and Haag, 2011].   
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4. Results 
From 1968 until 2009, the extent of seagrass meadows within the Barnegat Bay-Little 
Egg Harbor system largely declined (Figure 1, Figure S1). The presence of seagrass 
decreases bed shear stress (Figure 2a, b), and suspended sediment concentrations (Figure 2c, 
d) across the entire bay, as demonstrated by the comparison between the 1968 and no-
seagrass model results. In the presence of seagrass (Figure 2a, b), flow velocity decreases 
over the meadows, which in turn leads to lower suspended sediment concentrations in the 
water column and limited resuspension (Figure 2c, d). Changes in suspended sediment 
concentrations are observed across the entire bay. Numerical results show that seagrasses 
affect suspended sediment concentrations across 52% of the bare beds (Figure 2c, 2d), even if 
changes are more dramatic for previously vegetated beds (which for the 1968, constitute 31% 
of the entire estuary area) and nearby areas. Differences in the probability density function of 
bed shear stresses between the 1968 and the no-seagrass test case further highlight this trend 
(Figure 3). Specifically, as the seagrass is removed the mean shear stress increases for both 
un-vegetated (Figure 3a) and vegetated areas (Figure 3b), even if differences in previously 
vegetated areas are more evident (Figure 3b). The probability distribution functions of shear 
stress within bare beds are slightly shifted, as the friction exerted by vegetation reduces the 
flow velocity next to the meadows as well. This effect also depends on plants density and 
tends to decrease for less dense meadows (Figure S4). To quantitatively evaluate the impact 
of seagrasses on the sediment budget, a series of simulations were conducted to relate 
changes in the extent of meadows with the amount of sediments stored within the bay after 30 
days, given the same input concentration and sediment distribution. A uniformly distributed 
input sediment concentration represents potential riverine inputs during flood conditions, or 
large resuspensions events during storms; such situations are the major contributors of 
inorganic sediments to salt marsh systems [e.g. Fagherazzi and Priestas 2010; Falcini et al 
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2012; Leonardi et al., 2016, 2017]. The total sediment mass can be stored within the estuary 
in one of the following reservoirs: i) suspended sediment in the water column, ii) deposits on 
the bay seafloor, iii) deposits on the marsh platform. Suspended sediments are considered as a 
contribution to the sediment budget of the system because, even if not yet deposited, remain 
available for the potential storage on the seafloor and on the marsh platforms. Results are 
presented as a function of the ratio between vegetated seabed and basin area following the 
seagrass maps for the 1968-2009 period (Figure 4). 
Given the same sediment input, the total sediment mass stored within the bay 
increases as the area occupied by seagrasses increases (Figure 4a, S5). A time series of the 
decline in the total amount of suspended sediment within the bay system is provided in 
Figure S2, which also shows that 30 simulations days are sufficient to reach equilibrium 
conditions. Going into more detail, seagrasses mostly influence the deposition of sediment on 
the seafloor (Figure 4b, S6a, S7a); however, the presence of seagrasses also reduces the 
sediment mass in suspension (Figure 4c, S6b, S7b), and deposited on the marsh platform 
(Figure 4d, S6c, S7c).  
 
5. Discussion and conclusions 
Numerous studies have investigated the role of seagrasses as ecosystems engineers, 
and their contribution to the dissipation of flow energy [e.g. Duarte et al., 2013; Koch et al., 
2006; Ondiviela et al., 2013]. However, there is limited insight about the importance of 
seagrasses from a sediment storage point of view, and within the context of large scale bay 
systems comprising salt marshes and un-vegetated intertidal flats. The impact of submerged 
aquatic vegetation (SAV) on the storage of sediments within enclosed bay systems is 
evaluated using the Barnegat Bay-Little Egg Harbor system as test case. The analyses are 
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based on historical trends of seagrass distribution from 1968 to 2009; a scenario with no SAV 
is also included as a plausible system configuration in the near future (Figure S3).  
In tidal landscapes, flow velocities are influenced by vegetation as plants exert a 
frictional effect and obstruct the flow [Temmerman et al., 2007]. Our results also indicate that 
seagrasses are reducing flow velocity and bottom shear stresses within the canopy, in 
agreement with the field measurements of Hansen and Reidenbach [2012]. While the 
presence of vegetation is generally associated with a decrease in flow velocity, in case of 
patchy emergent canopies, the deviation of the flow from vegetated to un-vegetated areas can 
increase the shear stress, and erode the latter bare zones [Temmerman et al., 2007]. 
Differently than for emergent canopies, our findings show that the presence of submerged 
aquatic vegetation lowers bottom shear stresses (Figure 2a, b) everywhere in the system, 
including un-vegetated beds (Figure 3b), although flow concentrations are registered in small 
areas between meadows (Figure 2b). A comparison in terms of probability density function of 
the bed shear stress in bare beds shows that a reduction of the mean (from 0.2003 to 0.1912 
N/m
2
) and standard deviation (from 0.5014 to 0.4629 N/m
2
) occurs when seagrasses are 
added to the model. Differences in shear stress across the bay between cases with and without 
seagrasses (e.g. 1968 compared to no-SAV test case) are significantly higher for areas that 
have transitioned from vegetated to un-vegetated conditions (Figure 3 and Figure S4).  
 Given an initial input of sediment, the presence of seagrasses promotes sediment 
storage within the bay, especially on the seabed. However, seagrasses also reduce the 
sediment mass in suspension, and the likelihood for sediments to be transported on marsh 
platforms during high tide. An increase in the areal extent of meadows reduces the deposited 
sediment mass on marsh platforms (Figure 4d). The areas experiencing the highest reduction 
in terms of deposition are salt marshes located in the proximity of seagrasses. Seagrasses also 
decrease the time that sediments remain in suspension (Figure S2), promoting a faster 
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clearing of the water column and increasing the period of light availability for seagrass 
growth over the year [Carr et al., 2010]. Conversely, as highlighted by our findings the 
decline of seagrass meadows increases bay-wide sediment concentrations and therefore 
reduces light levels at the lagoon bottom. This causes a change from a state of favorable 
conditions for seagrass proliferation to a configuration with high water turbidity and light 
attenuation. 
The influence of seagrasses on sediment trapping and on the erosive force of flowing 
water should be explored seasonally as seagrass aboveground biomass peaks during June-
July and declines significantly during fall, when it becomes five times smaller [Kennish et al., 
2007b, 2008; Farnsworth, 1998; Koch et al., 2009; Hansen and Reidenbach, 2013]. The lack 
of seasonal data in our study constitutes a significant gap in the understanding of how these 
ecosystems can affect erosion and sediment retention on a long-term basis. Furthermore, by 
using current salt marsh configurations, we are evaluating the impact of SAV under the worst 
case scenario in terms of sediment budget. Indeed, as salt marshes migrate landward, the 
basin area and tidal prism increase, causing higher water exchanges with the ocean and 
higher sediment losses throughout a tidal cycle. Given that in Barnegat Bay salt marshes have 
been eroding, the decline in trapping capacity of the bay over the last decades could have 
been higher than the one predicted by our model due to the compound action of salt marsh 
erosion and seagrass decline. 
These considerations are relevant considering that the survival of coastal wetlands 
depends on a delicate balance and interaction between processes regulating vertical and 
horizontal dynamics of the intertidal landscape. The survival of coastal wetlands has been 
interpreted as a sediment budget problem [e.g. Fagherazzi et al., 2013; Ganju et al., 2017]; for 
instance Ganju et al. [2017] synthesized the sediment budget of eight micro-tidal salt marsh 
complexes, demonstrating the link between sediment deficits and the conversion of salt 
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marshes to open-water. Apart from sediment availability, the ability of salt marshes to 
withstand different sea level rise values has been also related to the likelihood of sediments to 
be delivered on marsh surfaces during normal tidal conditions, as well as during storms 
[Schuerch et al., 2012; Kirwan et al., 2016]. The mutual interaction between vegetated 
seagrass beds and salt marshes is thus complex, and incorporates processes promoting, or 
possibly obstructing the maintenance of salt marsh areas, i.e. reduced delivery of sediments 
on the marsh surface under normal weather conditions. However, the increased deposition in 
front of marsh platforms in the presence of segrasses could: i) decrease tidal flats depth, 
which in turn decreases wind and current induced shear stresses at the land interface; ii) 
directly shelter marsh boundaries from erosive forces; iii) constitute an additional source of 
sediments that, while not being resuspended during normal weather conditions, could be 
available for resuspension during storms, when surge occurrence can efficiently distribute 
sediments landward.  
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Figure 1: bathymetry (a) and seagrass coverages (b-g) for different years, i.e. 1968, 1979, 
1987, 1999, 2003 and 2009; base-case: no-SAV (h). For panels b-h green areas are locations 
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where salt marshes are present. Yellow to red shading indicates areas were seagrasses are 
present as sparse moderate or dense.  
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Figure 2: average shear stresses [Pa] at spring tide for the 1968 seagrass distribution case (a), 
and percentage change in shear stress after removal of the seagrass (no-SAV test case) (b); 
average suspended sediment concentration [mg/l] during spring tide and after 27 simulated 
days for the 1968 seagrass distribution case (c), and for the no-SAV test case (d) 
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Figure 3: Probability density functions of average shear stress values [Pa] during spring tide 
given the 1968 seagrass distribution (blue lines), and for the test case with no seagrasses (red 
lines); the probability density functions refers to areas with no seagrass in 1968 (a) and, areas 
with seagrass in 1968 (b). 
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Figure 4: total sediment mass within the lagoon (a); mass of sediments per unit area: 
deposited on the seafloor within the bay (b); in suspension (c); deposited on salt marsh 
platforms (d). Data are presented after 30 simulated days, and as a function of the vegetated 
bed/basin area ratios obtained from the maps of figure 1 and corresponding to different years.  
